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This invention relates to a system for cooling air for 
use in an enclosure, and may be used, although not ex 
clusively, for cooling air for use in the cabin of a trans 
port aircraft flying at high altitudes and at a speed con 
siderably greater than the speed of sound. 

In addition to problems associated with the high aver 
age body skin temperatures incurred by the conditions of 
flight, which can be about 220° C. for an aircraft ?ying 
at Mach 2.6 and at an altitude of about 70,000 1ft. high 
temperatures are involved when ram air is passed into 
heat exchangers. 

It is therefore an object of the invention to provide a 
system for the supply of cooled air to a substantially 
sealed enclosure, cabin or the like, comprising a substan 
tially closed circuit, wherein said air is recirculated after 
being subjected to dehumidi?cation, partial puri?cation 
and cooling, and further augmented to replace any air 
lost due to the inevitable leakages through cabin walls, 
seals and the like. 

It is a further object of the invention to provide an 
alternative system for the supply of cooled air to a sub 
stantially sealed enclosure cabin or the like, wherein the 
fresh air supply is su?icient to avoid subjecting the air to 
dehumidi?cation and partial puri?cation. 

According to the invention there is provided a system 
for cooling air in an enclosure, comprising a bleed air 
supply to said enclosure, an air circulating system and 
a closed circuit vapour cycle system. 
The invention consists in a system for cooling air in 

an enclosure, according to the preceding paragraph, 
wherein said air circulating system passes said bleed air 
through one or more air/ air heat exchanger means, an 
expansion turbine means and an evaporator means of 
said closed circuit vapour cycle system. c 
The invention consists in a system for cooling air used 

in high altitude supersonic transport aircraft, comprising 
in combination a bleed .air supply and air circulating sys 
tem, and a closed circuit vapour cycle system. 
The invention consists in a system for cooling air used 

in high altitude supersonic aircraft, according to the pre 
ceding paragraph, wherein said bleed air supply and said 
air circulating system comprises in conduit combination, 
one with another, an engine compressor means, adapted 
to supply air bled from the intermediate stage of said 
engine compressor means. 
The invention also consists in a system for cooling air 

used in high altitude supersonic aircraft, according to 
the second preceding paragraph, wherein said closed cir 
cuit vapour cycle cooling system comprises in conduit 
combination one with another, a refrigerant compressor, 
a condenser, liquid receiver, expansion valve and an evap 
orator, said compressor being driven by an expansion 
turbine means. 
The invention also consists in ‘a system for cooling air 

used in a high altitude supersonic aircraft according to 
the second preceding paragraph, wherein said bleed air 
is passed through one or more air/air heat exchanger 
means, an expansion turbine means and ‘an evaporator 
means of said closed circuit vapour cycle system. 
The invention also consists in a system for cooling air 

used in high ‘altitude supersonic aircraft, according to the 
preceding paragraph, wherein the ?rst air/ air heat ex 
changer means is provided with transverse cooling air 
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?ow from an expansion turbine means of a ?rst reversed 
bootstrap unit means, said ?rst reversed bootstrap unit 
means comprising said expansion turbine means, having 
ram air supply, and driving a compressor means, said 
compressor means having air supply from said ?rst air/ air 

> heat exchanger means, and exhausting to ambient. 
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The invention also consists in a system for cooling air 
used in high altitude supersonic aircraft according to said 
third preceding paragraph, wherein said condenser has 
transverse cooling air flow from an expansion turbine 
means of a second reversed bootstrap unit means, said 
second reversed bootstrap unit means comprising said 
expansion turbine means, having ram air supply, ‘and 
driving a compressor means, said compressor means hav 
ing air supply from said condenser, and exhausting to 
ambient. 
The invention also consists in a system for cooling air 

used in high altitude supersonic aircraft according to said 
preceding paragraph, wherein said refrigerant augment 
ing means comprises a reservoir containing liquid refrig 
erant, said reservoir receives refrigerant from said con 
denser by way of conduit means and allows the refriger 
ant to ?ow by way of conduit means to said expansion 
valve. 
The invention also consists in a system for cooling air 

used in high altitude supersonic aircraft according to the 
fourth preceding paragraph wherein said expansion tur~ 
bine means drives a recirculating fan means. 
The invention also consists in a system for cooling air 

used in high altitude supersonic aircraft according to 
the preceding paragraph, wherein said cabin is provided 
with a means for controlling the humidity and partial 
puri?cation of the air, said cabin being in conduit com 
rnunication with said recirculating fan means, and said 
recirculating fan means being in conduit communication 
with said evaporator means. 

Further objects and advantages of the invention will 
become apparent from the following detailed description 
with reference to the accompanying diagrammatic draw 
ings wherein the ‘drawing shows a ?rst embodiment of a 
system for cooling air used in high altitude supersonic 
transport aircraft according to the invention. 

In carrying the invention into effect according to one 
convenient form by way of example only, referring to 
FIGURE 1, we provide an engine compressor 1, whereby 
air bled from an intermediate stage of said engine com 
pressor 1, is passed by way of conduit 2 to an air/‘air 
heat exchanger 3. Air is then passed from said air/ air 
heat exchanger 3 to an expansion turbine 5‘ by way of 
conduit 4, and from said expansion turbine 51 to ‘an 
evaporator 7 by way of conduit 6‘. Air leaving said 
evaporator 7 passes into a cabin 8‘ by way of ducting 
9, and a distribution ducting, not shown, said cabin 8 
is provided with means 44 for controlling the humidity 
and trneans 45 for providing partial puri?cation of the 
air. Air leaving said cabin 8 is returned to said evapora 
tor 7 by way of conduit 10, and recirculation. fan 11 and 
recirculated, said recirculation fan 11 being driven by said 
expansion turbine 5. Air lost due to leakage in the circuit 
is replaced by air bled from intermediate stage of said 
engine compressor 1, by way of conduit 2. Ram air is 
supplied to an expansion turbine ‘12, where it is cooled and 
passed through said air/air heat exchanger 3‘ by way of 
conduits \13 and 14 to a compressor 15 from which it 
is discharged by way of jet nozzle 43, said compressor 
15, being driven by said expansion turbine ‘12, operates 
as a ?rst reversed bootstrap unit in conjunction with said 
expension turbine 12. 

Air bled from the engine is supplied to a turbine 23 
by way of conduit 24, said turbine 23 drives a compres 
sor 17 which is in communication with a condenser 18, 
by way of conduit 19. A liquid receiver 20 receives a 
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solution of dichlorotetra-fluoroethane, hereinafter referred 
to as the refrigerant, from said condenser 18 and passes 
the refrigerant said evaporator 7, by Way of conduit 21 
and expansion valve 22, said evaporator ‘7 returning the 
refrigerant to said Compressor 17, by way of conduit 16, 
for recirculation. 
Ram air supplied to turbine 25 by way of duct 26, is 

expanded by said turbine 25 and passed to said condensor 
18 by way of duct 27, said condenser 18 is in communica 
tion by way of conduit 28 with said compressor 29, said 
compressor 29, being ‘driven by said turbine 25 exhausts 
the air to ambient by way of jet nozzle 30 and acts as a 
second reversed bootstrap unit in conjunction with said 
turbine 25. 

In operation of the invention, lair bled from an inter 
mediate stage of said engine compressor 1, at a substan 
tially high temperature and pressure, ?ows by way of 
conduit 2, to an air/ air heat exchanger 3. The air/air 
heat exchanger 3 cools the air and passes it by way of 
conduit 4, to an expansion turbine 5, where said expan 
sion turbine 5 reduces the pressure and temperature of 
the air, and passes the air, by way of conduit 6, to an 
evaporator 7. The evaporator '7 further reduces the tem 
perature of the air, and passes the ‘air by way of ducting 
9 into cabin 8, said cabin 8 having means 44 for con 
trolling the humidity and means 45‘ for providing partial 
purification of the air. Air leaving said cabin 8' is return 
to said evaporator 7, by way of conduit 10 and a re 
circulation ?an 11, driven by said expansion turbine 5, 
for recirculation. A ?rst reversed bootstrap unit is, 
provided in communication with said air/air heat ex 
changer 3, so that ram ‘air is not passed directly into said 
air/ air heat exchanger 3, the high temperature and pres 
sure of the ram air is ?rst reduced by the expansion 
turbine 12‘ of the ?rst reversed bootstrap unit, said expan 
sion turbine 12 passes the air, by way of conduit 13, 
into heat exchange contact, in said air/air heat exchanger 
3, with the air bled from said engine compressor 1. The 
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duit 27 through said condenser 18, said condenser 18 
being in communication with the compressor 29‘ of the 
second reversed bootstrap unit, by way of conduit 28, 
said compressor 29' exhausts‘the air to ambient by way 
of jet nozzle 30‘. 
We claim as our invention: 
1. In an aircraft of the high altitude supersonic type 

having an engine compressor, a system (for cooling air 
in ‘an enclosure thereof comprising, in combination, a 
supply conduit, said supply conduit connectible with an 
intermediate stage of the engine compressor supplying 
bleed ‘air, a, heat exchanger, the supply conduit connected 
to the heat exchanger whereby air is cooled by said heat 
exchanger, a conduit connecting the output of the heat 
exchanger with the enclosure, a closed refrigerant vapor 
cycle coolant circuit including an exaporator, compres 
sor, condenser and expansion, valve, said heat exchanger 
comprising the evaporator and a reversed bootstrap means 
including a turbine compressor unit driven by ram air for 
cooling the refrigerant passing through the condenser. 

2. A cooling system according to claim 1 and further 
including a recirculation conduit returning used air from 
said enclosure to said supply conduit. 

25 
3. In an aircraft of the high altitude supersonic type 

having an air compressor, a system for cooling air in an 
enclosure thereof comprising, in combination, a supply 
conduit, said supply conduit connectible with an in 
termediate stage of the engine compressor supplying bleed 

‘ air, a ?rst heat exchanger, the supply conduit connected to 
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air/air heat exchanger 3' is in communication with the ' 
compressor 15, ofthe ?rst reversed bootstrap unit, by 
way of conduit 14, said compressor 15 exhausts the air 
to ambient by way of jet nozzle 43‘. 
An expansion turbine 23, is supplied with air bled from 

the engine, by way of conduit 24, said expansion turbine 
23‘ driving ‘a compressor 17. The compressor17 receives 
gaseous refrigerant from said evaporator 7, by way of 
conduit 16, said compressor .17 passes the refrigerant 
in a gaseous state at a substantially high temperature 
and pressure by way of conduit 19‘ to a condenser 18. 
The condenser ‘18 communicates with 1a liquid receiver 
20, which holds a reserve supply of liquid refrigerant that 
may be used to augment the ?ow of refrigerant. Upon 
leaving said liquid receiver '20 the refrigerant is passed 
to said evaporator 7 by way of conduit 21 and ‘expansion 
Valve 22, said evaporator 7 boils the refrigerant to a 
gaseous state, the latent heat required being obtained from 
the 1air passing through said evaporator 7. 
A second reversed bootstrap unit is provided in com 

munication with said condenser 18, so that ra-rn air is not 
passed directly into said condenser 18, the high tempera 
ture and pressure of the ram air is ?rst reduced by the ex 
pansion turbine 25 ‘of the second reversed. bootstrap unit. 
The expansion turbine 25 passes the air, by way of con. 
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the ?rst heat exchanger whereby air is cooled by said 
?rst heat exchanger, an expansion turbine, conduit means 
connecting the output of the ?rst heat exchanger with 
the expansion turbine, a second heat exchanger, con 
duit means connecting the output of the expansion turbine 
with the second heat exchanger, conduit means connecting 
the output of the second heat exchanger with the enclosure, 
a closed refrigerant vapor cycle coolant circuit including 
a turbo-compressor, ‘a condenser, an expansion valve and 
an evaporator interconnected to form a closed refrigera 
tion cycle, the second heat exchanger comprising the 
evaporator, the turbo-compressor delivering vaporized 
refrigerant to the condenser to be cooled and liqui?ed and 
passed to the expansion valve controlling refrigerant flow 
through said evaporator prior to return to the compressor 
of said turbo-compressor, and ?rst-and second reversed 
bootstrap coolant means for cooling said ?rst heat ex 
changer and said condenser respectively, said ?rst and sec 
ond reversed bootstrap coolant means being operated by 
ram air. 

4. .A- cooling system according to claim 3 and further 
comprising > a recirculation conduit including a fan to 
return used air from said enclosure to said conduit means 

‘ downstream of said expansion turbine. 
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